The classical partition of the event set into controllable and uncontrollable events from supervisory control theory is replaced by introducing the concept of control and observation cost of an event. This leads naturally to consider an optimal control problem for a given logical control specification. On the other hand, if we consider a timed model a performance optimization may be considered as well.
Introduction
Supervisory control theory for discrete event systems (DESs) was initiated by [Ramadge and Wonham, 1989] . In their seminal work they represent both the plant-i.e., the system to be controlled -and the desired closed-loop behaviour, by regular languages. The specific problem addressed was to synthesize a controller, called supervisor, to achieve the largest subset of the desired language, disabling or enabling controllable events. The unwanted sequences may be related, for example, to safety requirements. Although regular Ian-guages have been an useful framework to start such DES control theory, they are limited in representing systems consisting of numerous interacting subsystems. For this reason, a control theory for DES modeled by Petri Net (PN) has been developed, extending general PN models with the concept of controllable transitions.
In the supervisory control PN theory it is assumed that the set of transitions T of a net is partitioned into two disjoint subsets: Tuc. the set of uncontrollable transitions, and Tc, the set of controllable transitions. Similarly T may also be partitioned into the set Tuo of unobservable transitions, and the set T0 of observable transitions. A controllable transition may be disabled by the supervisor, a controlling agent which ensures that the behaviour of the system be within a legal behaviour. When the controller is modeled by a PN structure, the disabling of transition t is possible if there is a pre-arc from a controller place to t . An uncontrollable transition represents an event which may not be prevented from occurring by a supervisor and thus we require that no arc goes from a controller place to it. Dually, when the controller is modeled by a PN structure, the controller observes a transition t only if the firing oft changes the marking of a controller place p. This happens only if the number of pre-arcs from p to t is different from the number of post-arcs from t to p. To rule out this possibility we will require neither a pre-arc nor a post-arc may exist between a controller place and an unobservable transition (in the monitor control structure we consider self-loops are not allowed).
Here we consider the problem of forbidden state specifications represented by a generalized mutual exclusion constraint (GMEC) of the form ( l, k) . Such a constraint limits the weighted sum of tokens in a subset of places (see [Giua et al. , 1992] , [Li and Wonham, 1994] , [Moody et al., 1996b] , [Krogh and Holloway, 1991 ] ): the set of legal plant markings is { m I l · m ::::; k}. It was shown in [Giua et al., 1992] and [Moody et al., 1996b] that it is possible to impose a GMEC by adding to a net a controller that takes the form of a single place called monitor with arcs going to and coming from the plant transitions. The monitor synthesis is very efficient from the computational point of view and it represents a compiled supervisor.
When the monitor has arcs going to uncontrollable (going to or coming from unobservable) transitions we say that the monitor and the corresponding GMEC are uncontrollable (unobservable). It has been shown [Moody et al., 1996a ] that given a constraint (l, k), any constraint (l', k') where l' = r 1 + r2l -the elements of vector r 1 and scalar r2 are non negative integers -and k' is suitably chosen, is more restrictive than (l, k), i.e., { m !l' · m ::::; k'} ~ { m !l · m ::::; k} . Thus if ( l, k) is not controllable (or not observable) we may look for a more restrictive but controllable and observable GMEC. Note that as the number of nonzero elements r 1 increases the constraint becomes more restrictive.
